
S Day 17:Schrdinger Equation

Let us define an operativ Elda) such
that : (x'+al = (x'(z(dm)) - D

-

This is called the infinitesimalbavelation
+

curator . ⑯ = ('+daD= (da)(x]②
Since all the position kets are
normalizeda+du(x'tdx) = <x(x)-
=>Cle 12 = Caln) - #
Since 12 is arbiliary , ⑮ implies

1tn
22 = 1 = 2+ - ⑤

Such a matric o called a unitary matrice
.

Now consider an arbitrary state IIT
↑ (x)) = <alt)-
#(x'+dul) = <x+duE) - ⑰

Since da is infinitesimallysll we
can use Taylor's expansion for

# (xl+dul) = [(x))+ da1+0(d22)
-G



Using& in we have :

(a'+dx/[] = (a'us(F)

=> [x'l[] + &x'(x+17
+ O(dx.

-
where I] is the state whose

wavefunction is i=dx/
Note that

,
since

E(xl]-> dE
Tu

is a linear map and ice trese

two represent the states It& (8) ,
respectively, we can define a linear

-

Geralis*
:
>x'lEcan)(E) = (x))( + da@) /I]

+ 0(dx2)⑫



Since⑰ holds for any state we

have the operator identity :
(dal)= + dait-B
=>Ida= + dx' *

+
-⑭

[lepto astorder

Since I is unitary , indal

= t = ( +da)(1 + dat)

E + du'( * +5t) + o(dat)
-⑮

= +8 =0a-
it. T is anti-hermiliar

= E*dal) = # =da-

⑮
[, ] = dr'[,] ⑮

Let's consider live action the operator in

⑯ on an Arbitrary stateIT in



LIS = <x'1[,I/E7

= x(x'(/[7- (u'llI]

- x'Y(x'+du) - (+dx))[(x'+(a))
- - da'I (a'+da')-

E - dx/([(x) + du/d + ...)
- - dx/[(x)) + 0(du(z)
= da <n* /I]-

RAS = <n/1[,]1E)-

Comparing the I sides
we get

-

]=- =
Multiplying both sides byit weget

#(t)]= it-
Comparing this to our postulate 5,

we get the definitor for Ex



-

.
So that IPuIE) =I
Matix elements of Pa :

(x/(Pa /F] P(x),x')
-

= Saal (21Palz] #(1)

= Put
M

P(x' , X") is a function of all that

Yields the derivative of I at al when
-- Ed over"We can determineunlegal

this function as below.

d
Ins

= Sdal &(x"-x1) I'(m)
Y &
Jus



= [Okx1)(a),

-da -x)(x7
[integrating by

parts
⑯

-

The first term is ze since the
Divas delta function is localized and

↑

the wavefrinchos is usually bound

Lo E(al) = 0)
: =ice -

-

Comparing and⑰ we get

Pla'jx") = <allk-
= it '"- x1)_



: [alIplE]
= Jax" (xlE2(a"7 < "IPIE]

= it(dn"8(x"- x)) (-ih)E'(x))
= Jaz"8'(x"-all I'(all)

=th [0(2"-2) I'lall) I
.

"
da" o (l-x)El- 3

=-"(x) = -Ad E(x))
Tail-

=> Pre-tid-

=>



Now Palpa) = Kilpat -
</PalPa) = Pi CalPat

=> -indP(x) = Da4p- ==3
where 4p(a)) = (a) be]

is the wavefunction corresponding to
Hi monetim eigenstates.

⑳ is a 1st order Differented Equalis
Schulzen

= Cexpli,
<Plp)=51 44pl

= (2exp)i
= 8 (Pa -Pu") -



Noo,uerkw
: 11al exp(ibbl

= It(d)exp(ip
= 112ih /ba-ba) -

Company with the expected result in

⑬ , we get

IK= 1/27h or k =
+
Fat

: 4px(m)) = Cal 1 Dat

= exp(i
-


